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lo S. F. Yur'yev: Deformation of Steel During Chemico-~Thermal Treatment = Cerburizing
and Nitriding, Moascow (1950). 311 pp.

a. A thought-provoking and fascinating, elthough rather frustrating, book.

(1) First consideration is given to the “laws" governing the diffusion of carbon
or nitrogen into steel. Neither the carburized nor the nitrided cese, how-
ever, exists alone as & homogeneous unit. " Bach has a gradient of carbon or
nitrogen and each is in intimate contact with a core having a different com-
position. Case and core, comnsequently, mutually  affect each other's be-
havior and properties. One result of this interaction is the formation of
certain residual stresses, which place the case in compression and the core
in tension in the finished part. (These surface compressive stresses are
believed the cause of the ilmprovement in properties such as fatigue strength
and notch sensitivity brought about by cardburizing or nitriding.) Yur'Yev
then turns to a detailed analysis of the effect of meny factors on size
changes and residual stresses during carburizing and nitriding. Nitriding-
represents the gimpler case, since the streasses are set up during the nitrid-
‘ing operation itself and no further treatment 18 needed. The picture is far
more complex and less easlily resolved with carburized parts, as they require
hardening subsequent to the carburizing operation to develop the required
properties; the surface compressive sitresses arise only during the final
hardening at temperatures below about 930/1020 F.
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{2) Most of the data appesar original despite the 193 references. {Only some
15% are non~Russian; about hal® or these are pre-1940.) The sxperimental
work was done predominantly with a differential dila+meter. Yar ‘yvev
hes, however, made ingepious uze of some other techniques, such as miniature
tensile specimens to determine the mechanical broperties at various TeupaY a~

25x1 tures of case and core during cooling from the austenitizing temperature.

This book seemzsl:lto have certain basic weaknesses,
(1) The title is somewhat misleading.

(2) The hook nardly seems suitable for "engineering ard technical workers in the
field of metallurgy and heat treatment of steel". It would kave LIEN more
casily understandable to a wider audience if much op The detarled cxperimental
data and mathematical derivations had been placed 1n appendi-es,

(3) It is not clear how Yur!'Yev's dats could be applied wo dXroguiar parts, such
83 gears, which make up a sizeable proportion of the tonnage of carourized
and nitrided parte. )

(4) The value of the book would have been greater if more attenticn nad been
paid to actunl mechanical and metallurgical Propertizs - and purhops even
service performance - of carburized and nitrided pasts,

(5) Excessive reliance appears to be wlaced on dilatomet
doubt as to the accuracy of the derived residual sty
determinations by more conventional but likewise mors
methods .

Ther: is some
compared te

Swcface Stressing of Metals. ASM (L947). 197 vp.

Symposium on Internal Stresses in Metals and Alloys. The
Institute of Metals (1948). L0G PLe. .

Residual Stress Measurements. ASK (1%52). 210 Pe.

A. L. Clwistenscn and E. S. Rowland: X-ray Measurement:
Residual Stress in Hardened High Carton Stsel.  TASY
(1952) pp. 638/666; disc. 060/07

(6) The basic pProblem of heat~to=heat variation is not given full ~ogrizance,
The test material was one heat of aluminum-:hromi om-me viderws <tesl . and
two heats each of carbon, ciromium-nickel and chromi wi-nalybde numeni ckel
steel. Where two heats of the same grade were used, dit : 5%
were involved. Therefore, there is no indication of the vax
be found if a number of heats of the same grade were tested.

(7) Yurtyevis netallurgy seems rather shaky in places, az in the Gise
direct quenching after carburizing, low-alloy carturisz 7 steels
ability and the effect of alloying elements.

Increasing attention is teing given to size change during heat trestnent oy aass-
Production industries in the US since there ls a £rowing tend=ney Lo at treat
al'ter findish machining, or to leave only a small allowance for fizai iinishing

(1) Yur fyev does not distinguish adequately between distortion and (ailotropic)
volume changes, which arisge from different causes.
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(2) Yur'yev does not teke into consideration other factors » such &s hardensbility
and modified quenching practices, that are of vital importance. The forewcrd
by N. T. Gudtsov aliso hints that Yur'yev does not cover the practlcai methods
used to control size chsange.

(3) some of the factors not ;consider’ed by Yur'yev are discussed by Hense, Miller
and Schenck of Buick Motor Division of Generel Motors Corp:

"In the hardening df automotive gears it is desirable to produce the
required physical properties with the least dimensional disturbeance.
Distortion can be cmused by stresses from machining, non-uniform heat-
ing end carburizing|, and variation in the hardenability of the steel.

| ;
''"The maintenance ofi uniform distortion during the heat treating operation
i3, without a doubt\, the most JImportent factor in the production of high
Quelity gears. The|tooth cutting is changed on the drive Ppinion, as
necessary, to allow| for distortion during heat treatment...In order to
control the quality“ of the gears coming from the heat treating operations,
it is necessary to run pilot lots of each new heat to determine the dis-
tortion cha.racteris#,ics. At the same time it is necessary to run delily
checks on production to control the qQuality of parts coming from the heeat
treat...The variation in hardenability from one heat of steel to another
makes control a necc‘:ssity, and the narrower the hardenability spread of
the steel, the bettcfr chance the metallurgist has to produce uniform
GCarfes . :

"Lxperience has show:n that a factor influencing distortion to a very '
markeld degree is the‘ carbon content of the carburized case. The maximum
carbon content of the case has an effect upon the hardensbility which, in

turn, influences dimjensional changes during heat treatment."”

V. E. Hense, H. H. Miller and R. B. Schenck: Economics of
Automotive Gear Steels and Their Heat Treatment. SAR Ppreprint
“O1 (1950). Excerpts in SAE J 58 (1950) no. 10, pp. 25/29~

() In the case of nitrided parts » Yur'yev does not consider adequately the effect

of microstructure nor the\ fect that size change may be greatly affected if the

"white layer" is ground DFf after nitriding.

I
d. Although the general dlatribut;jlon of residuasl stresses in cerburized and nitrided

perts has been surmised, very little comprehensive information has been published in
this field. (A large pert of the previous work is covered by the following references. )
Morcover, as pointed out by Hoz;",ger » the subject of residual stresses due to carburizing
has generally been oversimplif.ﬂ.ed. Yur'yev's book is a distinet contribution

Je O. Alnmen: Fd’ti e of Metals as Influenced by Design end

Internal Stresses. Surface Stressing of Metels. ASM 2191:7)

pp. 33/8% | - o
‘ ;

J. O. Almen; F&\‘.ti e Weakness of Surfaces. Product Engineering

21 (1950) no. 11, pp. 117/1%0.

0. J. Horger: Residual Stresses. Handbook of Experimental

Stress Analysic. New York (1950) pp. 459/578.

D. G. Richards: - Relief and Redistribution of Residusl Stresses .
in Metals. Resldual Stregs lMeasurements. AGM (1952) np. 129/195. ) Y

25X1
CONFIDE!VI‘IAL]I 25X1

Approved For Release 2003/08/08 : CIA-RDP80-00809A000500270133-2



Approved For Release 2003/08/08 :'CIA-RDP80-00809A00050027 Q3%

25X1
CONI“ID.LW’I'.‘I.ALJ

e 25X1

(1) Again, however, Yur'yev has passed over scme factors, of vital practical im-
portance, such as hardenabllity, as diacussed by Boegebold:

“Success of carburized rear axle gears depends Also upon & haghly
uniform shape of teeth to insure uniform load distribution, along
with high residval compressive streaaes in the case to oppose the
stresges from externally applied loads...to awpgin favorable
stresses...lt 1s necessary to control hardenability within nerrow
limits...This seme control of hm-dena‘bility will algo assigt in
uniformity of size change’ (distortion from hardening) whish can be
compensated for when cutting the gear teeth in the green. The °
volume changes associseted with tr,'&naformation in the case and core,
therefore, must be held as waii‘cxrm as possible ,\both as to magnitude

and sequence.

"Rear axle ring gears, drive pinions, tre.nsmission gears, bearing
races and all such highly stressed, high-hardneés parts can be
greatly benefited by close control of hardenability. The prime
reason for this, again, 1s to prevent unfavoreble trapped stresses,

rather than to insure certain microstructures a.rjld herdness."”

A. L. Boegehold: Herdenability Control fox" Alloy Steel
Ports. Metal Progress 53 (1948) Dp- 697/709.

(2) Yur'yev stiesses the effect of compressive stress (:meoaed by prior trang-~-
formation of the core) on the temperature and rate of transformation of the
carburized case. Although there has been some work on the effect of stresses
on the transformation of austenite, the significance of this factor in the case
Of carburized steel has not been previously emphasgized.

{

V. I. Prosvirin: Effect of Pressure on thé Trangsformation
ol High Speed Steel. Vestnlk Metallopromish:l.ennosti 20
{(1940) no. 7. Dpp. 55/61.

1

G. K. Manning: End~Quench Hardeonability Versus Hard.ness of
Quenched Rounds. Metal Progress 50 (1946) o4T7/652.

G. J. Guarnieri and J. J. Kemter: Some Chéracteristicﬂ of
tke Metasteble Austenite of L to Chromium #~ 1
Molybdenum Cast Steel. TASM LO (194 pp.; T/11L04 .

M. D. Jepson and F. C. Thom;paon- The Acceleration of the
Rate of Isothermal Transformetion Of Austenit\.. JisI 162

(1T949) Bp. #9/56. ‘

H. Neerfeld and K. Mathieu: 2Zum Machanlsmus der Umwendlung
des Eigsens. Archiv fur das Eiﬂenhuttenweae‘n 20 (19%9) pp. 69/73.

M. Cohen: Retained Austenite. TASM kl (1%9} PPe 35/9%.

M. Cohen, E. S. Machlin and V. G. Paranjpe: ‘ Thermodynamics of
the Maxrtensite Transformation. Thermo:lynamics in Physical
Metallurgy. ASM (1950) pp. 242/270.

B. L. Axerbach, S. G. Lorris and M. Cchen: Stress~Induced
Trangformation of Retained Austenlte in Hordened Steel. TASM
b (1952) pp. T4O/756; disc. T56/757.
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Both of the mein factors considered by Yur'yev - size change and r“esidual stresses -~

ere of increesing importence todmy. fThere is » as far as is ¥nown, no book in

English dealing exclusively with thege subjecte. If Yur'yev's hook is accepted as

an interim report on the development of the theoretical appects of) carourizing and

nitriding, some of 1ts inadequacies can be overlooked and its true|value pProperly
evaluated. :

E. Voiovilk and M. V. Zakharov: Ternary and Quaternary Systems. MocTacow 1948,
227 poges. B

An cxcellent manual, dealing exclusively with the thecry and m.echaxl;iam of congtruc-
ting ternsry and quaternsry phase diagrams. Obviously it ‘would be |puitable only for
graduate students or others elready thoroughly acquainted with binary phase diagrams.
Both parts of this book are written sufficiently simply and echlic;tly, ‘however,
that metellurgists so qualifted would be able to construct ternary ‘a'nd. quaternary
dlagrams without additional guidance. S

As far es is known, there is no book in English devoted solely to ghis subject. It
could be considered, however, more or less as a supplement to J. S. Marsh's Principles
of Phose Diasgrems (McGraw-Hill Boolk Company, Inc.). Since Marsh's book was published
Before World War II, and therefore before ternary and quaternary Glegrams became as
much uged as thev sce today, a better comparison can be made with the combined seventh-
eighth edition of the classile Einfuhrung in die Metallographie > by P. Goerens, as re-
viged by P. Schaimeister and H. J. Wiester. Moreover, this German textbook was pub-
lighed by Wilhelw Knepp in 1948, the same year as the Volovik-Zakherov book appeared.
The Gexmen book devotes IO bages to prineciples and construction of ﬁjernary diegrans,
but none to quaternary diegrams. Of the Volovik~Zakharov book, l;.O}‘pages are de-
voted to ternary diagrams, and 111 to quaternary. This comparison i1s guite a tribute
to the state of metalluwrsy and metallurgical education in the USSR in view of the
value placed on phase dlagrams and theoretical metallurgy of thig, "c;y“'pe in Germany.

Lo :
The high quality of the Soviet work in this field is seen by other Dublications using
ternary and quaternary diegrams, such as the work of E. B. Kornilov ,‘ .to whom acknow~
ledgement is made in the introduction. ‘

-End~

615.4
615,2
615,02

Z22Zz

¥
|
‘]
i
|

25X1

COI\IFIDENTIALI

25X1

i
1

Approved For Release 2003/08/08 : CIA-RDP80-00809A000500270133-2

|
I



